Introduction
With an estimated 1.8 million new patients each year, BC is the most prevalent cancer in women worldwide. 1 TNBC, which is a distinct heterogeneous subtype, accounts for 15%-20% of all BC cases. TNBC is characterized by ≤1% positive immunohistochemical expression of the estrogen receptor, progesterone receptor, and no amplification of human epidermal growth receptor 2 (HER-2). 2 Thus, unlike luminal or HER-2+ BC, TNBC does not respond to hormonal therapy (such as tamoxifen or aromatase inhibi-
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guo et al tors) or targeted therapy (such as trastuzumab or lapatinib). Cytotoxic chemotherapy remains the cornerstone for the treatment of TNBC. 3 TNBC is characterized by its aggressive behavior and a poor prognosis; distant visceral metastases can also occur and are most frequently found in the lungs and central nervous system and less frequently in bone. 4 The overall distant recurrence risk of TNBC reaches a peak within the first 3 years post surgery and becomes less common after 5 years. [5] [6] [7] Although the lifetime with metastasis and recurrence in TNBC is much lower than that in other subtypes, TNBC has few treatment options and shows a lack of durable treatment responses. 8, 9 Due to its particularly malignant behavior, it is important to categorize TNBC patients according to their individual characteristics to better assess prognosis.
Nomogram is a concrete graphical representation that integrates several independent prognostic factors to predict a specific end point. In this study, we aimed to construct and validate reliable nomograms based on a substantial TNBC patient record from the SEER 19 Cancer Registry and to compare our nomograms with the traditional TNM staging system in an effort to help clinicians precisely identify high-risk TNBC patients whose survival outcomes might be improved by therapy.
Patients and methods study cohorts
SEER is one of the most representative large-scale tumor registration databases in North America, and it contains a large amount of evidence-based medical data. The clinicopathological information of 21,419 TNBC patients in our study was collected from the SEER program from January 1, 2010 to December 31, 2015. The inclusion criteria were as follows: 1) female; 2) BC as the first and only cancer diagnosis; 3) diagnosis confirmed by positive histology other than by autopsy or a death certificate; 4) older than 20 years; 5) unilateral BC; 6) histological grade I-III; and 7) histological subtype of infiltrating ductal carcinoma (IDC), infiltrating lobular carcinoma (ILC), or others. Patients with unknown or ambiguous information were excluded.
We analyzed the patients' characteristics according to the following seven factors: age (20-39, 40-59, 60-79, or ≥80 years), race (white, black, or others), tumor size (≤2 cm, 2-5 cm, or >5 cm), number of positive regional nodes (0, 1-3, 4-9, or ≥10), laterality (left or right), grade (I-III), and histology (IDC, ILC, or others). Due to the large number of patients and their unknown identity as SEER database does not hold identifying patient information, written inform consent was waived, and the study was approved by the ethics committee of Shanghai Cancer Center of Fudan University.
statistical analyses
Construction of the nomogram
The eligible patients (n=21,419) were randomly divided into the following two equal-sized groups using the function "sample.int" in R: a training cohort (n=10,709) and a validation cohort (n=10,709). The primary outcomes of this study were OS and BCSS.
OS was defined as the total survival time from diagnosis to BC-related or other causes of death, the last date of followup, or December 31, 2015, if the last follow-up exceeded this date. In the training cohort, univariate prognostic factors were determined using Kaplan-Meier plots and compared using log-rank tests. Significant factors with two-sided P-value of <0.05 were entered into the multivariable analysis. With clinical relevance taken into account, the associated factors identified by the multivariate analysis through Cox proportional hazards models were used to construct a nomogram for OS using the R package "rms".
BCSS was defined as the time from the date of diagnosis to the date of death attributed to BC, and deaths from other causes were regarded as competing risks. We used the CIF to assess the probability of death. A sub-distribution analysis of competing risks was performed to construct a competing risk model; 10 Gray's 11 test was conducted to analyze differences in CIF among groups. Thus, a nomogram was developed by the integration of prognostic factors with a significant P-value to predict 1-, 3-, and 5-year BCSS via the R package "cmprsk".
Validation of the nomogram
To ensure the predictive accuracy of the nomogram, we validated the models both internally (1,000 bootstrap resamples in the training cohort) and externally (in the validation cohort). The degree of fit was assessed by calibration diagrams and the C-index value. A calibration diagram was plotted with observed survival against the nomogram-predicted probability of survival from the model. The C-index value was calculated to assess the discriminatory and predictive ability of the model. The C-index value varies from 0.5, which represents random chance, to 1.0, which indicates a perfect fit. Typically, a C-index value of >0.7 suggests a reasonable estimation. Validation and calibration of the models were also conducted with the R package "rms".
Comparison of nomograms
We compared the discrimination and prediction ability between the traditional TNM prognostic models and our new 
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nomograms for triple-negative breast cancer predictive models based on the C-index value with the R package "rcorrp.cens" in both the training and validation cohort.
We conducted all statistical analyses with R software, version 3.4.2, and SPSS software, version 23 (IBM Corporation, Armonk, NY, USA).
Results
Demographics and clinicopathological characteristics
Through rigorous screening, we identified 21,419 eligible TNBC patients in the SEER database who were diagnosed from 2010 to 2015. The patients were randomly divided into a training cohort and a validation cohort, with 10,709 patients in the training cohort and 10,710 in the validation cohort. The median age at diagnosis was 57 years (IQR, 47-66 years), and the median survival time was 29 months (IQR, 14-48 months) in both cohorts. By the date of last followup, 2,728 (12.74%) patients in the whole cohort died, with 2,219 (10.36%) deaths attributed to BC and the remaining 509 (2.38%) attributed to other causes. Detailed baseline characteristics are listed in Table 1 .
Factors associated with Os
For the training cohort, data on age at diagnosis, race, tumor size, number of positive lymph nodes, laterality, grade, and histology were collected. The log-rank univariate test showed that, except for laterality, the remaining variables should be included in the multivariate analysis (Cox proportional hazards model), and each of these factors was subsequently confirmed to be independent prognostic factors associated with OS (Table 2 ).
Factors associated with BCss
Estimates of the probabilities of death resulting from BC and other causes according to clinical characteristics are listed in Table 3 . The 1-, 3-, and 5-year probabilities of death from 
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guo et al BC were 2.7%, 12.5%, and 17.1%, respectively, while the cumulative incidences of death from other causes were 0.9%, 2.4%, and 3.8%, respectively. Age, tumor size, and number of positive lymph nodes had strong correlations with the probability of death (P<0.001 for all outcomes), while laterality was not associated with death. Patients of the black race, those with histological grade III tumors, IDC, or ILC, had a higher cumulative incidence of death attributed to BC (P<0.001).
nomogram construction and validation
Only the variables that were significantly associated with OS and BCSS (P<0.05) were included in the construction of nomograms to predict 1-, 3-, and 5-year survival ( Figure 1 ). Figure 1 shows that the number of positive lymph nodes was the strongest contributor to survival outcome, followed by age at diagnosis and tumor size. 
Comparison of nomograms
The C-index values of the TNM system nomograms for OS and BCSS were, respectively, 0.753 (95% CI, 0.740-0.767) and 0.781 (95% CI, 0.767-0.795) in the training cohort, which represented a statistically significant decrease (P<0.001) compared with the nomograms that included all independent prognostic factors. Significant differences Table S1 ).
To demonstrate the applied value of the nomograms that included all meaningful variables, two normal TNBC patients were used as examples. One patient was a 45-year-old, white, IDC patient with a 1 cm grade I tumor and five positive lymph nodes, while the other was a 65-year-old, black, IDC patient with a 6 cm grade III tumor and two positive lymph nodes. However, according to the nomograms including six prognostic factors, the first patient scored 127.5 points for both OS and BCSS, indicating that the 1-year OS and BCSS probabilities were greater than 0.90-0.95, those for 3-year OS and BCSS ranged from 0.70 to 0.75, and those for 5-year OS and BCSS were ~0.60. For the second patient, the respective OS and BCSS scores were 125 and 115 points, and the corresponding predictions for 1-, 3-, and 5-year OS and BCSS were very similar to the first patient. Although both patients had the same stage IIIA disease, the prognostic outcomes obtained by the TN 
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nomograms for triple-negative breast cancer nomograms were quite different. However, the nomograms containing six independent prognostic factors resulted in very similar predicted outcomes, which can be partially attributed to the patients' individual clinicopathological characteristics.
Discussion
In the present study, 21,419 eligible patients with TNBC from the SEER database were enrolled and analyzed. Except for laterality, various independent prognostic factors, including age at diagnosis, race, tumor size, number of positive lymph nodes, grade, and histological subtype were closely correlated with the OS and BCSS outcomes of TNBC. We included these risk factors in the construction of nomograms, and both the C-index values and the calibration diagrams showed satisfactory robustness when applied to both internal and external validation cohorts. Due to the early metastasis and recurrence features of TNBC, it is imperative to establish a reliable prediction model to guide clinicians in accurately evaluating the patients' condition and rapidly providing effective treatments in an individualized manner. However, no prognostic nomogram has been constructed to date for TNBC patients, and this was therefore a top priority in our study.
The log-rank test and Cox proportional hazards regression were used to identify the independent prognostic factors for OS, but these tools cannot be applied to BCSS because non-BC-specific death might preclude the possibility of death resulting from BC, and censoring these data could lead to biased results. Therefore, a competing risk model was introduced. In this study, the 1-, 3-, and 5-year probabilities of death were 3.6%, 14.9%, and 20.9%, respectively, and the 1-, 3-, and 5-year cumulative incidences of death from BC were 2.7%, 12.5%, and 17.1%, respectively, indicating a nearly four-fold higher risk of death attributed to BC than from other causes. In addition, the 3-year cumulative incidence of death resulting from BC was 3.6 times that of the 1-year incidence, while the 5-year probability of death from BC showed a 36.8% increase compared with the 3-year incidence. These results show strong concordance with the classical conclusions that TNBC is associated with an early peak of recurrence in the first 2 or 3 years after diagnosis, which becomes uncommon after 5 years.
Currently, the data are limited and conflicting regarding the prognostic impact of age in patients with TNBC. Two large Korean registry-based studies found that an age of <35 years was a poor prognosticator in patients with luminal or HER-2 overexpression BC subtypes but not in those with TNBC (HR, 1.21; 95% CI, 0.88-1.67; P=0.240). 12 In contrast, in 1,732 patients with primary TNBC treated between 1982 and 2008, Liedtke et al 13 reported that the median disease-free survival for patients aged 31-40 years was 4 years (95% CI, 2-5), whereas it was 8 years (95% CI, 5-14; P=0.0003) and 7 years (95% CI, 6, not reached) for patients aged 41-50 or 51-60 years at the time of diagnosis, respectively; these data are highly consistent with our study. In our nomograms, the HRs of OS and BCSS in different age groups formed a U-shaped curve, with younger and older patients experiencing worse survival while patients aged 40-59 years had the best survival. The unique gene expression profile of TNBC could explain this phenomenon, as specific proliferation-related and stroma-related gene signatures seem to be clinically relevant in patients aged ≤40 years as well as in the older age groups.
14 In addition, as we know from previous studies, TNBC occurs more commonly in people of black ethnicities. 8, 9, 15 In our study, black ethnicity also contributed to a particularly aggressive cancer behavior, which could be associated with parity, lack of breast-feeding initiation, and obesity as well as genomic differences that make TNBC in black patients more aggressive than TNBC in white patients, [16] [17] [18] with several reports reaching the same conclusion. [19] [20] [21] [22] It has been reported that the association between nodal spread and tumor size is not present in TNBC, suggesting that the TNM staging system may not be sufficient for predicting therapeutic outcome in TNBC patients. 23, 24 In a retrospective cohort of 391 TNBC patients with 73.3 months of followup, the relapse-free survival curves generated by the TNM staging system were intermingled and showed overlap from stages I to IIIA, only substantially separating between stages I-IIIA and IIIB-IIIC. 25 The eighth edition of the American Joint Committee on Cancer staging manual includes both the anatomic staging system and a newly proposed prognostic staging system that incorporates ER, PR, HER-2 status, and histological grade. 26 Although TNBC patients are one stage higher than patients with luminal or HER-2 overexpression BC according to the eighth edition, 27 the emergence of nonanatomic components of TNBC has allowed clinicians to understand why survival can vary greatly among TNBC patients of the same stage. 28 Therefore, the development of a robust model including both the prognostic staging system and nonanatomic components is urgently needed to provide more accurate indications for prognosis and adjuvant treatments.
There are some limitations to our study. First, although information on radiation therapy and chemotherapy can be accessed from the SEER database, these data are not recommended to be included in the survival analysis due to the The database also does not provide details of local recurrence, which prevented us from generating an individualized estimate of the risk of recurrence. Inherent biases are also unavoidable in any retrospective study, and thus, a large-scale, multicenter prospective investigation should be conducted to confirm our results. Third, the follow-up period was relatively short, as the data on HER-2 status were not available in the SEER database until 2010. Thus, we were only able to focus on the short-term prognosis of TNBC patients. Finally, although we randomly divided eligible patients into training and validation cohorts to evaluate the nomograms internally and externally, some deficiencies remained. It would be better to verify the nomograms prospectively or at least in another independent population-based database.
Conclusion
We found six independent prognostic factors (age at diagnosis, race, tumor size, number of positive lymph nodes, grade, and histological subtype) for OS and BCSS of TNBC patients and used these indicators to develop and validate two prognostic nomograms based on a large population cohort. Our developed nomograms performed excellently in both training and validation cohorts for predicting the 1-, 3-, and 5-year OS and BCSS, which may help clinicians evaluate patient prognosis and tailor individualized therapeutic regimens.
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